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What Are We Doing and Why?

« Use SIC WBG technology to improve the value
proposition for Grid Tied Energy Supplies:

SiC high voltage rating enables direct connection to medium
voltage grids (36, 12.47 kV)(this is the enabling technology)

Eliminates 60 Hz transformer (reduces size)

High operating temperature eliminates liquid cooling (reduces
size, improves reliability)

Creates modular building block for 500 kW to MW* (expands
markets)

Achieves >2x power density improvement (customer benefit)
Reduces audible noise (customer benefit)

Proposition: SiC devices can improve the value of grid tied energy

supplies by reducing size and cost and improving
reliability and end user satisfaction.
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500 kW ESS In a Picture

Creare’s ESS Improves Power Density and Reliability Over Existing Products.
~ SIC Semiconductors Provide the Enabling Technology ~

Existing 500 kVA Grid Tied Energy Storage Container (Dynapower)

{Key: Eliminate Add J

Nominal Existing
Incorporate SiC Eliminate Change Switchgear Generation System
3LNPC Power 60 Hz transformer from 600 V to 13 kV * 500 kW, 250 kW-hr

Converter
* 23x8x10ft.

*  Includes AC & DC switchgear

*  Optional: solarrecombiner

Enables (600 — 1000 V PV arrays)
Renewable Energy Sy = e e Yy
Sources 0:480 transformer
* 3x7x10ft.
— 250 kW-hr Li-ion battery
iminate
S = ) * R S {
Liquid Cooling Reduce or Eliminate r:gmuf;{?gﬁ,v:ggupsgﬂtuency

Air Conditioner and Liquid /Air

Beat Exclianges *  Seamless dynamic transfer
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How Are We Doing This?

Conventional Inverter Design|{C r e aSiGC&ridslied Inverter Desig

Battery ... LVInverter.......... MV Transformer Battery - DAB Creates 2x10 kV busesMV Grid Tied Inverter3LNPC
480 : 12.47 kV
Jé} ﬁ]} JE% { % 12.47 kV i || H]E{L F § Hy
Filter B 1kv 17 17 (1 - 7 fF
- ‘ = =] _% Jp}} Ik J5
1kv L |1 PR 4l — gt ] 12.47 kV
' foe HF Transfo : —
b@ | 2 % S ——
. L_‘& J" >t
ol ] J_ " ﬁ
J“% Jﬂﬂf I j { : Fr % | ;J%JE‘E U
L] iy J :ﬁ ““ 3 = Filter
ik JEps g |
Limitations of this design: Improvements:
* Requires 480 : 12.47 kV transformer for « SICMOSFETs enable direct grid connection to
grid connect. 12.47 kV.
»  Silicon MOSFETSs or IGBTSs require liquid * 60 Hz transformer replaced with (2) smaller
cooling (~ 50C). (10X) high frequency20 kHz) transformets
* Filteris large and also requires liquid * Transformer isaudibly quieter
cooling. « Liquid cooling is eliminated.
* 60 Hz transformer emits acoustic noise. »  Filterfaceslower currentreduced losses and
harmonics.
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What Have We Done So far?

LaboratoryPrototype TesBetup
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What Work Still Remains?

Optimize Packaging and Test at Full Scale Pow

Rack Mounted Modules:

= Output Filter Inductors
High Voltage Full Bridges

3 LNPC Grid Tied Inverter

Low Voltage Full Bridges Qo
Compact High Frequency Transformers_ . |
Output Filter Capacitor '

Substantial size reduction is achieved by
elimination of liquid cooling and transformer.
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Benefits

$160K

$140K
$120K
$100K
S80K
S60K
S40K

$20K

SK

500 kVA Inverter Cost By Element
Existing IGBTs
$152K SiC MOSFETs | 7

$141K
6.0 |
- Cooling 50 |
. Magnetics 40
3.0 |
Semiconductors 20
1.0 |
0.0 |

S1 IGBTs S1C MOSFETs

500 kVA Inverter Size By Element (m3)

Existing IGBTs
6.2 m?
80 kW/m?

SiC MOSFETs
2.3 m?
220 kW/m?3

- \
~a

Semiconductors

S1C MOSFETs

S1 IGBTs

Per unit costs are about the same.

\U

Power density is 2.7X better.

SBIR DATA RIGHTS

Copyright © 2018
Creare LLC

MTG-XX-XX-XxXX / 6596 - 8

An unpublished work. All rights reserved.



Cost and Size Comparison: SIC vs Si

Table 2. 500 KW Grid-Tied Inverter Volume Comparison
Subsystem Description EF(IBSBt?g CE?;EI:S aS?é ! Cf;&g?::g:\m
Design Design

Transformer Volume (m?) 2.3 0.61 0.4

Filter Volume (m?) 1.0 1.84 0.9
Power Electronics Assembly Volume (m?) 1.0 1.0 1.0
Cooling System Volume (m?) 19 ella;ftlrﬁ?g li:)r:)x ella::‘tilrﬁf Ii:::)x
Combined Subsystem Volume (m?) 6.2 3.45 2.3
Subsystem Power Density (kKW/m?) 81 145 216
Power Density Improvement Factor — 1.8 2.7
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